Injectable dexamethasone (DXM) is widely used during the postnatal period in premature infants. However, this treatment has been associated with an increased incidence of neuromotor disorders. Few studies have directly addressed the impact of DXM therapy on neuronal differentiation. We used a murine model of postnatal steroid therapy in which mouse pups aged 3 and 4 postnatal days (P) received intraperitoneal injections of 1 mg · kg Ϫ1 · 12 h Ϫ1 of an injectable preparation that contained DXM and sulfites (DXM), pure DXM, or sulfites. The animals were weighed before they were killed on P5, P10, or P21, and their brains were investigated by immunohistochemistry with markers for neuronal differentiation. DXM administration was associated with a 20 -30% reduction in body and brain weight gains and in cortical thickness on P5 and P10. ␥-Amino-butyric acidϩ (GABAϩ) interneuron density was significantly increased (ϩ50%) in the cerebral cortex of the animals given injectable DXM on P5 to P21 compared with controls (p Ͻ 0.01). In parallel, the density of cortical neurons expressing two interneuron markers (calbindin 28-kD and calretinin) increased significantly. These alterations occurred with injectable DXM but not with pure DXM or sulfites alone. In contrast, none of the study treatments modified the expression of other markers for neuronal transmission or axon myelination. In the animals that were given injectable DXM, cleaved caspase 3 antibody showed increased neuronal cell death, but calbindin antibody did not. In conclusion, in a murine model of postnatal steroid therapy, injectable DXM induced a selective increase in GABAergic neurons in the cerebral cortex. Despite substantial improvements in neonatal intensive care and pregnancy management over the last two decades, prematurity remains a crucial public health issue as a major source of death and permanent disability (1). These outcomes are related mainly to abnormalities of the CNS and lungs. To either prevent severe chronic lung disease or treat hemodynamic failure, early postnatal dexamethasone (DXM) therapy is often administered parenterally (injectable DXM) to extremely low birth weight infants. In the 1980s and 1990s, several controlled studies found shorter times on oxygen and mechanical ventilation in premature infants who were given postnatal i.v. DXM therapy, which consequently gained widespread acceptance (2-5). However, controversy about the extensive use of postnatal steroid therapy has recently been generated by reports of adverse effects, mainly affecting the CNS. An increased risk for cerebral palsy is among the main adverse effects of injectable DXM (6 -11). Three-dimensional magnetic resonance imaging at term suggests that steroid-induced impairment of brain growth may primarily affect the cortical gray matter by decreasing both the brain surface area and the whole cortex convolution index, which is used to measure cortical surface complexity at term (12, 13) . A reduction in spontaneous motility was noted in neonates who were given injectable DXM, together with changes in the speed and the amplitude of general 
Despite substantial improvements in neonatal intensive care and pregnancy management over the last two decades, prematurity remains a crucial public health issue as a major source of death and permanent disability (1) . These outcomes are related mainly to abnormalities of the CNS and lungs. To either prevent severe chronic lung disease or treat hemodynamic failure, early postnatal dexamethasone (DXM) therapy is often administered parenterally (injectable DXM) to extremely low birth weight infants. In the 1980s and 1990s, several controlled studies found shorter times on oxygen and mechanical ventilation in premature infants who were given postnatal i.v. DXM therapy, which consequently gained widespread acceptance (2) (3) (4) (5) . However, controversy about the extensive use of postnatal steroid therapy has recently been generated by reports of adverse effects, mainly affecting the CNS. An increased risk for cerebral palsy is among the main adverse effects of injectable DXM (6 -11) . Three-dimensional magnetic resonance imaging at term suggests that steroid-induced impairment of brain growth may primarily affect the cortical gray matter by decreasing both the brain surface area and the whole cortex convolution index, which is used to measure cortical surface complexity at term (12, 13) . A reduction in spontaneous motility was noted in neonates who were given injectable DXM, together with changes in the speed and the amplitude of general movements, all of these abnormalities being related to brain lesion severity and to the subsequent development of cerebral palsy (14) . In vitro, we previously found that the sulfites used as preservatives in injectable DXM preparations exerted toxic effects on neurons, which might in theory dampen any protective effect of glucocorticoids on the CNS (15) . In vivo animal models are under investigation as tools for elucidating the adverse neurologic effects of glucocorticoids that are given perinatally (16 -20) . However, the impact of glucocorticoids on neuronal differentiation, most notably in the cerebral cortex, has never been reported.
The mammalian neocortex contains two major classes of neurons, projection and local circuit neurons. Inhibitory local circuit neurons that contain ␥-amino-butyric acid (GABA) represent~15% of the overall neuronal population in rodents (21) . The other neurons are projection neurons that use excitatory amino acids such as glutamate. Specific layers and areas of the cerebral cortex receive monoaminergic axonal afferents from neuronal cell bodies located in various brainstem nuclei (22) (23) (24) .
The present study was designed to explore a mouse model of prolonged neonatal DXM treatment. The specific goal of this new model is to closely mimic glucocorticoid protocols used in premature infants who are admitted to neonatal intensive care units and aged 26 to 32 postconceptional weeks, which matches postnatal days (P) 3 to 5 in mice, when neuronal proliferation and migration in the cerebral neocortex is complete (25) . The objective of the study was to determine whether DXM with or without sulfites affects neuronal differentiation to a specific neurotransmitter function in the developing cerebral cortex.
METHODS
Animals and experimental design. Male and female Swiss mouse pups (Iffa Credo, L'Abresle, France) were housed in our animal unit and maintained according to the guidelines issued by the Institut National de la Santé et de la Recherche Médicale. All experimental protocols were approved by our ethics review committee. All animals were kept under the same temperature (25°C) and photoperiodicity (12:12-h light-dark cycle) conditions and were given free access to food and water.
In this mouse model, newborn pups are exposed to DXM at an age that matches the neurodevelopmental stage of human infants who are given DXM in neonatal intensive care units. The pups were divided into four groups on postnatal day (P) 3. From P3 to P5, they received five i.p. injections at 12-h intervals of the following drugs, in a volume of 5 L: PBS (control group for both injectable DXM and sulfites) or DMSO (control group for pure DXM); injectable DXM (Merck, Paris, France), 1 mg/kg diluted in PBS (DXM group); pure DXM (Sigma Chemical Co., St. Louis, MO), 1 mg/kg diluted in DMSO (pure DXM group); and sodium metabisulfite (Sigma Chemical Co.), 1 mg/kg diluted in PBS (sulfite group). In each litter, pups were assigned to the study drug or control groups.
Weight and mortality were recorded before the injections on P3 then on P5, P10, and P21. Brain weights were obtained during necropsy on P10 after removing the cerebellum, in animals that were different from those used for immunocytochemistry procedures.
Plasma DXM concentrations measurement. Blood samples were drawn from decapitated P5 pups at several time points (0.5, 1, 3, and 6 h) after intraperitoneal injection of either injectable DXM diluted in PBS or pure DXM diluted in DMSO. After centrifugation, plasma was collected and kept at Ϫ80°C. DXM was extracted in dichloromethane, and its concentration in both treated groups was measured by HPLC. DXM concentrations were calculated after UV detection and expressed in ng/mL.
Histologic procedures. We studied at least five animals on P5, P10, and P21 in the control and injectable DMX groups. Treated groups and their respective control groups were compared on P5, P10, and P21 for injectable DXM and on P10 for pure DXM and sulfites. For standard histologic procedures, animals were decapitated at the same time points and their brains were removed immediately and fixed in 4% formalin for 5 d at room temperature. After paraffin embedding, serial 10-m coronal sections were cut throughout each brain. These sections were stained with cresyl violet used for cortical plate thickness and cellular density measurement by an investigator who was unaware of group assignment. For avoiding bias related to regional variations, the same anatomic level was examined in each group. Images of the parietal cortex area (PAR1) (26) were digitized using a CCD camera (Apogee Instrument Inc., Boston, MA) to allow accurate measurements.
Immunocytochemistry. Pups under deep anesthesia received a transcardiac infusion of phosphate buffer (pH 7.4, 0.12 M) that contained 4% paraformaldehyde. The dissected brains were postfixed in the same fixative for 4 h at 4°C. After rinses in 10% sucrose in phosphate buffer, the cryoprotected brains were frozen in liquid nitrogen-cooled isopentane at Ϫ50°C and stored at Ϫ80°C until cryostat cutting. The brains were cut into serial 10-m-thick cryostat sections, which were processed for immunocytochemistry. The primary antibodies were directed against various antigens specific for cell types (microglia, astrocytes, and neurons) or neuronal differentiation ( Table 1 ). The sections were rinsed in PBS/0.25% Triton X-100/0.2% gelatin (PBS-TX-gel) and incubated overnight at room temperature with appropriately diluted primary antibody in PBS-TX-gel with 0.02% sodium azide. The primary antibodies were visualized after incubations with the appropriate species-specific biotinylated secondary antibody (Table 1 ) and the streptavidin-biotin-peroxidase complex.
For Griffonea Simplicifolia I isolectin B4 (Vector, Burlingame, CA) labeling, the streptavidin-biotin-peroxidase method was used without secondary antibody. The sections were counterstained with neutral red (1%), dehydrated, and mounted.
For immunofluorescent double staining, sections were incubated overnight with a mixture of two primary antibodies (mouse anti-CaBP and rabbit anti-cleaved caspase 3) at a concentration of twice the dilutions shown in Table  1 . The sections were rinsed and incubated with a biotinylated anti-mouse secondary antibody (Vector). The second incubation with streptavidin-biotincyanine 3 (1:500; Sigma Chemical Co.) labeling in red was combined with application of FITC-labeled anti-rabbit antibody (1:100, Sigma Chemical Co.) labeling in green. Immunocytochemical controls in which the primary antibody was omitted were performed for the different immunocytochemical methods to check that there was no cross-reactivity of the secondary antibodies.
Microscopy. Bright field illumination was used to examine sections from PAR1 (26) (27), respectively]. A CCD camera was used to digitize the region of interest to improve the accuracy of the labeled cell counts. In each group, three to five animals at each developmental stage were studied; at least three nonadjacent fields from either right or left hemisphere in a section included within a square-grid reticule were examined. Sections were observed at either ϫ40 or ϫ20 magnification (0.065 mm 2 and 0.25 mm 2 , respectively) to get the most reliable cell counts according to the cellular morphology of each marker considered. The observer who examined the sections was not aware of the developmental stage or group.
Statistical analysis. Results were expressed as means Ϯ SEM. Statistical analysis of the histologic data were performed using one-way ANOVA with a Dunnett comparison posttest, two-way ANOVA with a Bonferroni posttest, or a t test, as appropriate (GraphPad Prism version 3.03 for Windows; GraphPad Software, San Diego, CA).
RESULTS
Phenotype of postnatal DXM-treated mouse pups. Mortality rates were 0% in the saline buffer and 10% in the DMSO control groups, 17% in the injectable DXM group, 45% in the pure DXM group, and 10% in the sulfites group. Most deaths were related to repetitive i.p. injections combined with the potential local toxicity of glucocorticoids on the intestinal tract; thus, most of the animals that died before they were killed displayed clinical evidence of peritonitis. The higher mortality rate in the pure DXM group may be ascribable to the combined effects of the glucocorticoid and the corrosive vehicle (DMSO). We further measured DXM concentrations in plasma at several time points after i.p. injection. As expected, using HPLC measurement, we found similar levels between the two regimens used in this study (Fig. 1) .
Before treatment, body weight was similar (controls 2.16 Ϯ 0.12 g, n ϭ 12; DXM 2.09 Ϯ 0.06 g, n ϭ 9; pure DXM 2.2 Ϯ 0.05 g, n ϭ 9; and sulfites, 2.3 Ϯ 0.13 g, n ϭ 8; Fig. 2A ). In contrast, injectable DXM and pure DXM were associated with significant reductions in body weight compared with the respective control groups and with the sulfite-treated group on P5 (controls 3.23 Ϯ 0.13 g; injectable DXM 2.39 Ϯ 0.13 g; pure DXM 2.24 Ϯ 0.09 g; sulfites 3.3 Ϯ 0.8 g; p Ͻ 0.01) and on P10 (controls 5.77 Ϯ 0.15 g; injectable DXM 4.47 Ϯ 0.28 g; pure DXM 4.11 Ϯ 0.3 g; and sulfites 6.48 Ϯ 0.35 g; p Ͻ 0.01; Fig.  2A ). On P21, DXM-treated pups had recovered a body weight similar to that measured in the controls (controls 13.61 Ϯ 0.31 g; DXM 12.91 Ϯ 0.17 g). This poor weight gain during and just after glucocorticoid therapy was associated with a significant decrease in PAR1 cortical plate thickness compared with the controls on P5 and P10 (p Ͻ 0.05) with both injectable DXM and pure DXM (Fig. 2B ). Brain weight on P10 showed a similar pattern, so the body weight/brain weight ratio was comparable in the two groups (Fig. 2C) . Again, on P21, no difference was found between the groups.
To analyze a potential direct role for injectable DXM on the observed cerebral alterations, we investigated the anti- 151 inflammatory effects of DXM on the white matter. Griffonea Simplicifolia I isolectin B4 immunocytochemistry established that injectable DXM was associated on P5 with a dramatic but transient 4-fold decrease in the number of activated microglial cells detected in the white matter underlying the cingular cortex (Fig. 3) .
Effect of injectable DXM on GABAergic cortical interneurons. Exposure to injectable DXM induced dramatic alterations in GABAergic neuronal density in the cortical plate of mouse pups. We used three markers for GABAergic neurons in the cortical plate: GABA and two calcium-binding proteins found in different subpopulations of interneurons, namely, calbindin 28-kD protein (CaBP) and calretinin (CalR) (28) .
After injectable DXM treatment, the density of GABA immunoreactive (IR) neurons was significantly increased throughout the cerebral cortex from P5 to P21 (Fig. 4) . This difference was particularly marked in the cingular cortex and anterior neocortex. However, the decrease in GABAϩ neuron density normally observed in the normal developing rodent brain was not altered after injectable DXM treatment.
Injectable DXM was also associated with an increase in CaBPϩ neuron density in layers II-III and in layer V of PAR1 ( Fig. 5A and B) . This difference became larger as development proceeded; thus, no obvious change was found on P5, whereas on P10, there was a 36% increase and on P21 a Ͼ300% increase (p Ͻ 0.05 and p Ͻ 0.001, respectively; Fig. 5C ). In addition to this quantitative increase, the intensity of CaBPϩ neuron labeling was enhanced in the cortical plate. Finally, the number of CalR-IR neurons detected in PAR1 layer V was increased 1.5-to 2-fold in the treated pups on P10 and P21, respectively (p Ͻ 0.01, p Ͻ 0.05; Fig. 6 ). These effects were found to be dose dependent (Fig. 7) . The location and the time of appearance of these GABAergic neurons in the cortical plate were similar in the treated and control groups.
Effect of pure DXM and of sulfites alone on cortical interneurons. Because sulfites were previously reported to be involved in neuronal toxic effect in culture (15), we next asked whether pure DXM or sulfites alone might reproduce the effects on neuronal maturation observed with injectable DXM. To test this hypothesis, we compared pure DXM and sulfites with their respective controls on P10 pups (P10 was selected as this is the time point when injectable DXM induced the greatest changes in GABAergic markers). In contrast to injectable DXM, neither pure DMX nor sulfite treatment was associated with statistically significant differences in cell density or labeling intensity of GABA-IR or CaBP-IR neurons in the same PAR1 area, compared with the control groups, on P10 (Fig. 8) . Examination of other cortical plate regions led to similar conclusions. Pure DXM was associated with a nonsignificant decrease in CalR-IR neuron density at the same time point, compared with DMSO-injected controls (Fig. 8C) .
Effect of injectable DXM on other transmitters and on neuronal and glial markers. We used markers for other neurotransmitters for qualitative analysis (distribution and intensity of labeling, organization, and density of labeled structures) of sections through the cortical plate or other brain structures according to the location of each marker during the first three postnatal weeks. N-methyl-D-aspartate receptor 2 was expressed in the cortical plate (faint staining in layer V), hippocampus, and basal ganglia (29) , and strong calmodulindependent protein kinase II labeling was seen in the granular layer of the hippocampus (30) . These two glutamatergic synapse markers showed no significant differences between control and DXM-treated pups on P10. Similarly, 5-HT-labeled axons and tyrosine hydroxylase-positive axons and terminals (both densely expressed in the basal ganglia) showed no differences across treatments. Similar results were obtained with two other typical neuronal markers, NeuN for neuronal nuclei and microtubule-associated protein 2 for neuronal cell bodies and processes.
In contrast to neuronal maturation, neither astrocyte differentiation nor myelination was altered by postnatal injectable DXM treatment. Astrocyte maturation was assessed by both glial fibrillary acidic protein and S100-␤ protein expression in the white matter. Cell counts in the cingular white matter were similar between treated and untreated animals (data not shown). Axon myelination assessed using myelin basic protein was not delayed on P10 by injectable DXM pretreatment in this mouse model.
Effect of injectable DXM on neuronal cell death. To further investigate the mechanism underlying the increased density of GABAergic neurons after injectable DXM administration, we investigated cell death in the cortical plate on P5, just after the end of the treatment. Several findings supported neuronal loss in the cortical plate in the pups that were given injectable DXM. Thus, whereas the transient cortical thickness decrease observed after injectable DXM resolved spontaneously within 2 wk (Fig. 9A) , neuronal density decreased gradually in the cerebral cortex, compared with the controls (Fig. 9B) . Thus, a significant reduction in neuronal density in PAR1 was detected on P21 in the treated animals (58.7 Ϯ 8.5 neurons/0.065 mm 2 in the injectable DXM group versus 66.7 Ϯ 7.2 neurons/0.065 mm 2 in the control group; p Ͻ 0.05). In addition, injectable DXM was associated with a statistically significant increase in cleaved caspase 3-IR neurons throughout the cortical plate on P5 (Fig. 9C-E) . This difference was particularly marked in layer II in the medial part of the cerebral cortex and in layers II-V in the lateral cortex. To identify the neuron subpopulation undergoing increased cell death, we performed double labeling using both rabbit anticleaved caspase 3 and mouse monoclonal anti-CaBP antibodies. Most cleaved caspase 3ϩ cells exhibited the morphologic features of neurons, and almost none were CaBPϩ, suggesting that injectable DXM was associated with cell death of one or more other neuronal subpopulations (Fig. 9F) .
DISCUSSION
The present study describes a new mouse model of postnatal glucocorticoid therapy and provides strong evidence for a direct impact of injectable DXM on neuronal maturation. In this model, the influence of DXM treatment on the phenotype was confirmed by several findings: 1) a transient impairment in body and brain growth during the first week after glucocorticoid administration, 2) a decrease in microglial activation detected in the normal white matter during the first week of life, and 3) a reduction in cortical thickness during the same period. Spontaneous recovery of normal cortical thickness may be due to an increased neuritogenesis or local inflation in water content after the end of the glucocorticoid course. Thus, this model replicates several of the adverse effects of postnatal corticosteroid therapy in preterm newborns; other replicated effects were intestinal perforation and changes in skin appearance. Although the doses of glucocorticoids or sulfites used in this study represented~4 -10 times the dose generally used in 
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POSTNATAL DXM AND NEURONAL MATURATION preterm newborns, the observed phenotype suggests that both the systemic and the cerebral effects of these regimens in neonatal mice were similar to those observed in humans. Moreover, glucocorticoid metabolic rates and pharmacodynamics may differ between mouse pups and human newborns; consequently, comparisons of dosages should be viewed with caution.
Regarding brain development, although caution is needed when extrapolating from animal models to the clinical setting, only moderate differences in the general sequence of brain growth exist between rodents and humans (25) . The brain growth rate, periventricular germinal matrix composition, and neurochemical expression and synapse formation in the rat brain on P6 are roughly similar to the developmental stage of the human brain at 38 -40 wk of postconceptional age (25, 31, 32) . The rat pup brain at birth (P0) probably corresponds to the human brain at~22-24 wk of gestation (33) . As mouse brain development is delayed 1-2 d compared with rats, P3-P5 mouse pups probably mimic the developmental stage of the human brain at 26 -34 wk of gestation.
Other animal models have been used to study the neurologic effects of perinatal glucocorticoid use (16 -20) . The animals were exposed to DXM at an age corresponding to the neurologic development at birth in preterm infants. Delays in gross neurologic development occurred, as well as subsequent modifications in activity. These alterations may correspond to the increased risk for learning impairment and maladaptive responses to the environment in children with prematurityrelated brain damage.
Here, we report the first evidence that neonatal administration of injectable DXM strongly affects neuronal GABAergic differentiation in the mouse cerebral cortex. As mentioned above, two main categories of neurons are involved in neocortical organization: projection (pyramidal) neurons that contain the excitatory neurotransmitter glutamate and local circuit inhibitory neurons (nonpyramidal) that contain GABA. As a result of its excitatory effect during development, GABA is a potent trophic factor early in life and influences parameters such as neuronal survival, growth cone guidance, and neurite branching, all of which may be altered by DXM in the postnatal period. As development proceeds, the chloride gradient becomes reversed compared with that in neonates, and excitation mediated by GABA A receptors is gradually replaced by inhibition (34 -36) . In the rat, this developmental switch occurs at approximately postnatal days 4 -10, leading to transient expression of GABAergic markers in the cortical neurons; it is interesting that neurosteroid modulation of GABA A receptors in the developing rat brain cortex has been shown, manifesting as a 3-to 6-fold increase in receptor affinity on P5, at a period overlapping the developmental stages at treatment in our mouse model (37) . Injectable DXM may interact with this switch, thereby leading to extended expression of GABAergic markers in a given neuronal subpopulation, which remains to be defined. Finally, GABA is synthesized in neurons by the rate-limiting enzyme glutamic acid decarboxylase (GAD), which exists as two isoforms, GAD65 and GAD67. It is interesting that alterations in gene transcription levels for both of these enzymes have been found in the hippocampus after perinatal DXM treatment (38) . The developmental imbalance between GABAergic neurons and other neuronal subpopulations invites questions about the cellular mechanism underlying the toxic effect of injectable DXM. We suggest two mechanisms, which might act alone or in combination: 1) increased cell death involving nonGABAergic neuronal subpopulation(s), as shown by cleaved caspase 3 immunocytochemistry, in keeping with previously described transferase-mediated dUTP nick-end labeling findings (15), and 2) increased survival of GABAergic neurons, as suggested by the increased density of GABA-IR, CaBP-IR, and CalR-IR neurons observed in the cortical plate.
Taken together, our data suggest that apoptotic neuronal loss in the cortical plate occurred after injectable DXM treatment and involved nonGABAergic neurons. We hypothesize that projection neurons might be more vulnerable to injectable DXM than other neuronal populations at the developmental stages investigated in our model. Moreover, the normal postnatal development of the GABA phenotype in the cerebral cortex includes a transient increase in the number of neurons expressing GABA on P5 followed by a decrease on P10 (39) . This normally transient expression may become sustained under the influence of injectable DXM, resulting in an increased proportion of GABA-expressing cells compared with the normal cerebral cortex. The exact role of GABAergic neurons during development and the relationship with subsequent neurologic disorders is not yet clear. Further studies are needed to elucidate the role for these cells in the neuronal plasticity that occurs after brain damage.
Another crucial question is whether the DXM molecule itself was responsible for the findings in our model. We previously reported that injectable DXM and injectable betamethasone differed in their ability to protect against white matter damage in very premature infants who are treated prenatally (40) . Injectable DXM preparations usually contain sulfites, whereas injectable betamethasone does not. Sulfites have neurotoxic and excitotoxic-like properties in vitro, which are enhanced by peroxynitrite generated in response to hypoxia-ischemia or inflammation. In a recent study, we demonstrated that the combination of DXM molecule and sulfites had 
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POSTNATAL DXM AND NEURONAL MATURATION toxic effects on cultured neurons, whereas the dexamethasone molecule itself did not (15) . A mixture that contained most of the compounds of injectable DXM preservatives (creatinine, sodium citrate, and parahydroxybenzoate, in addition to sodium metabisulfite) induced similar toxicity on neuronal cultures compared with sulfites alone, suggesting that sulfites per se were likely responsible for the deleterious effects observed (15) . The findings reported here further support a key role for sulfites in neuronal survival or maturation, acting not alone but rather in combination with another metabolic, pharmacologic, or molecular event triggered by glucocorticoids. In addition, our data are strongly against the hypothesis of differences in pharmacokinetic properties between pure DXM and injectable DXM, the two preparations compared in this study. The mechanism of this noxious interaction between DXM and sulfites remains unknown.
CONCLUSION
In conclusion, the present study showed specific alterations in neuronal differentiation of the GABAergic system and interneurons in the cortical plate of mouse pups that were given postnatal injectable DXM. As the complex function of the neocortical circuitry depends on GABAergic local circuit neurons, this may account in part for the adverse neurodevelopmental effects of postnatal injectable DXM therapy in premature infants. Finally, our findings indicate a need for great caution when using sulfite-containing drug preparations during the perinatal period.
